Background/Aims: Cadmium (Cd) is an environmental pollutant with reproductive toxicity. Swertia mileensis is used in Chinese medicine for the treatment of prostatic deficits and named as Qing Ye Dan (QYD). This study was undertaken to investigate the potential protective effects of QYD against Cd-induced prostatic deficits. Method: Rat model of prostatic deficits was induced by 0.2 mg/kg/d CdCl 2 subcutaneous injection for 15 days. The prostatic oxidative stress was evaluated by detecting the levels of malondialdehyde, nitric oxide, reduced/ oxidized glutathione, total sulfhydryl groups and enzymatic antioxidant status. The prostatic inflammation was estimated by testing the levels of pro-inflammatory cytokines. The levels of epithelial-mesenchymal transition (EMT) markers E-cadherin, fibronectin, vimentin and α-smooth muscle actin were measured by qPCR analysis. Additionally, the prostatic expressions of transforming growth factor-β1 (TGF-β1), type I TGF-β receptor (TGF-βRI), Smad2, phosphorylation-Smad2 (p-Smad2), Smad3, p-Smad3, Smad7, nuclear related factor-2 (Nrf-2), heme oxygenase-1 (HO-1) , B-cell CLL/lymphoma (Bcl)-2 and Bcl-2-associated X protein (Bax) were measured by western blot assay. Results: It was found that QYD ameliorated the Cd-induced prostatic oxidative stress and inflammation, attenuated prostatic EMT, inhibited the TGF-β1/Smad pathway, increased Bcl-2/Bax ratio and enhanced the activity of Nrf-2/HO-1 pathway. Conclusion: These results showed that QYD could ameliorate Cd-induced prostatic deficits via modulating Nrf-2/HO-1 and TGF-β1/Smad pathways.
Introduction
The problems of environmental pollution (such as heavy metal and pesticide residues) seriously affect human health. Cadmium (Cd) is a widely existed heavy metal which commonly used in the modern industrial production. Because the contamination of Cd in soil and water, people are exposed to Cd via the bioaccumulation from the food chain [1, 2] . Furthermore, human are exposed to Cd through active and passive smoking since that Cd is also present in tobacco [3] . Cd is a non-biodegradable and non-essential heavy metal for human beings. The biologic half-life of Cd is more than 30 years [4, 5] . Study indicates that the accumulation of Cd causes damages on reproductive system [6] . Cd has the functions of disrupting endocrine, as well as interfering with the morphogenesis and susceptibility to diseases of reproductive organs [1, 7] . When compared to other heavy metals, Cd can stimulate the emergence of organ disorders at a relatively lower dose [3] . Especially for prostate, Cd requires much less time than other toxicant to produce the malignantly transformation on normal prostate epithelial cells [8] . Moreover, Cd triggers the prostatic local inflammatory responses and fibrillar rearrangement, damages the prostatic balance of collagen deposition and degradation, and disturbs the homeostasis of proliferation and apoptosis [7, 9, 10] . Increased collagen deposition and prostatic fibrosis are critical factors for the development of lower urinary symptoms (LUTS) and urinary obstructive symptoms [11] .
Swertia mileensis is a member of Swertia genus and traditionally used in Chinese folk medicine named as "Qing Ye Dan" (QYD). Previous study indicated that QYD could ameliorate testosterone-induced prostatic hyperplasia and epithelial-mesenchymal transition (EMT) [12] . However, the potential protective effects of QYD on Cd-induced prostatic deficits still remained unclear. So, this study was undertaken to investigate the effects of QYD on Cdinduced prostatic deficits in rats and to explore the possible mechanisms.
Materials and Methods

HPLC-MS/MS analysis for QYD
The extract of QYD was prepared according to our previous report [12] . Standard swertiamarin (purity 98.3%) and rutin ( IS, purity ≥90.5%) were purchased from the National Institute for Food and Drug Control (Beijing, China). Gentiopicroside (purity ≥98%) and sweroside (purity ≥98%) were purchased from Yuanye Biological Technology Co., Ltd. (Shanghai, China). Manglferin (purity ≥98%) was got from Aladdin industrial Co., Ltd. (Shanghai, China). HPLC-grade acetonitrile was purchased from Fisher Scientific Inc. (Fair lawn, USA).
Shimadzu LC-20A series HPLC (Kyoto, Japan) was linked to the QTRAPI 5500 (AB SCIEX, Framingham, MA, USA). A 3 μl of sample was injected into a Leapsil C18 column (150 ×2.1 mm, 2.7 μm) (Dikma Technology, China) and held at 40 o C. The mobile phase consisted of solvent A (0.4% formic acid in water) and solvent B (acetonitrile) with a constant flow rate of 0.3 ml/min. The binary gradient was as follows: 12%-20% B (0-8 min), 20%-95% B (8-8.1 min), 95% B (8.1-9.8min), 95%-12% B (9.8-9.9 min) and equilibrated for a further 3.6 min until the injection of the next sample. The column effluent was introduced into the Mass Spectrometer equipped with an electrospray ionization (ESI) source. The mass spectrometer was operated in positive ion mode. The ion spay voltage was set at 4500 V, the nebulizer gas 40 psi, the auxiliary gas 40 psi, the curtain gas at 25 psi and the collision gas at medium.
Animals and administration
The male Wistar rats (180 ± 20 g) were supplied by the Centers of Disease Control and Prevention of Hubei Province, China. The animals were housed at a controlled room (temperature 22 ± 3 °C, humidity 50 ± 10% and 12 h light:12 h dark cycle) and fed with standard diet and water ad libitum. After acclimatization to the laboratory, the rats were weighted and randomly divided into four groups ( n = 8): the vehicle control group (control), the Cd model group (Cd), the QYD treated control group (QYD) and Cd + QYD treated group (Cd + QYD). The rats from Cd and Cd + QYD groups were subcutaneously injected with 0.2 mg/kg/d CdCl 2 for 15 days [13] . The Cd + QYD and QYD groups were daily orally treated with 200 mg/kg QYD for 15 days. 
At the end of the experimental period, the body weight was recorded. The prostatic lateral lobes samples were collected, weighted and excised. One part tissue was stored at -80 ˚C for the following western blot assay and quantitative RT-PCR (qPCR) analysis. The rest tissue was made into the tissue homogenate using 10 volumes of ice cold 0.9% NaCl solution and stored at -80˚C for the evaluation of prostatic oxidative stress and inflammation. All the animal experiments were performed in accordance with the ethical rules in the NIH Guidelines for the Care and Use of Laboratory Animal and approved by the Institutional Animal Care and Use Committee at Puai Hospital, Tongji Medical College, Huazhong University of Science and Technology.
Evaluation for the prostatic oxidative stress and inflammation
The prostatic level of oxidative stress was evaluated by measuring the prostatic levels of malondialdehyde (MDA), glutathione (GSH), oxidized glutathione (GSSH), total sulfhydryl groups (T-SH), nitric oxide (NO) and the activities of antioxidant enzymes superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) using commercial available kits (Nanjing Jiancheng Bioengineering Institute, China). The prostatic inflammation was estimated by assaying the prostatic levels of interleukin (IL)-1β, IL-6 and tumor necrosis factor (TNF)-α using commercial available kits (Boster Biological Technology Co., Ltd. China). All the procedures were performed according to the manufacture's instructions.
Western blot analysis
The prostatic expressions of transforming growth factor-β1 (TGF-β1), type I TGF-β receptor (TGF-βRI), Smad2, phosphorylation-Smad2 (p-Smad2), Smad3, p-Smad3, Smad7, nuclear related factor-2 (Nrf-2), heme oxygenase-1 (HO-1), B-cell CLL/lymphoma (Bcl)-2 and Bcl-2-associated X protein (Bax) were assessed by western blot analysis. Tissue protein samples were separated by 10% SDS-polyacrylamide gel electrophoresis and then transferred to a PVDF membrane by electrophoretic transfer. The membranes were blocked for 1 h at 37˚C with 5% nonfat milk in Tris-buffered saline, and then incubated overnight at 4˚C with the primary antibodies (anti-TGF-β1, TGF-βRI, Smad2, p-Smad2, Smad3, p-Smad3, Smad7, Bcl-2 and Bax (Abcam, UK), or -Nrf-2 and HO-1 (Proteintech Group, USA)), respectively. After washed with TBST, the membranes were incubated with horseradish peroxidase-conjugated secondary antibodies in TBST with 3% nonfat milk for 1 h at room temperature. Immunoblots were developed and then the quantification of bands was determined by integrated optical density analysis using Gel-Pro Analyzer software. The result of nuclear Nrf-2 was normalized using LaminB as an internal control. The other data were normalized using β-actin as an internal control.
qPCR analysis for prostatic EMT markers
The prostatic levels of EMT makers E-cadherin, vimentin, α-SMA and fibronectin were estimated by qPCR according to our previous study [12] . The prostatic tissue samples were ground in liquid nitrogen and the total RNA was extracted from each sample using Trizol reagent. The isolated total RNA was quantified using gel electrophoresis. The qPCR was performed using a fast qPCR master mix kit (ABI, USA) in a realtime PCR system according to the manufacturer' protocol. Post-PCR melt curve analysis was used to control the PCR product specificity. Relative expressions levels were calculated using 2 -ΔΔCt equation. The primer sequences of E-cadherin, vimentin, α-SMA and fibronectin were showed in Table 1 . GAPDH was used as the internal standard.
Statistical analysis
The values were presented as mean ± S.D. Results were analyzed statistically by one-way ANOVA followed by Tukey's multiple comparison using SPSS 11.5. Differences were considered as significant at p < 0.05. 
Results
Chromatographic analysis of QYD
The HPLC-MS/MS chromatogram of QYD is showed in Fig. 1 . The content of swertiamarin, sweroside, gentiopicroside and manglferin in QYD was 11.37±1.26, 1.26±0.19, 1.42±0.25, 3.16±0.38%, respectively.
Effects of QYD on the levels of body weight, prostate weight, and food intake As can be seen from Table 2 Fig. 2 represents the effects of QYD on prostatic oxidative stress in rats injected with Cd. Cd contributed to much higher prostatic levels of GSSG, MDA and NO, lower levels of GSH and T-SH, as well as an obviously inhibited prostatic enzymatic antioxidant status when compared to the vehicle control. QYD significantly reduced the levels of GSSG, MDA and NO, as well as enhanced the concentrations of GSH and T-SH. QYD also attenuated the diminish in the prostatic activities of SOD, CAT and GPx when compared to the Cd model group. Fig. 3 shows that the prostatic levels of IL-1β, IL-6 and TNF-α were significantly increased in rats injected with Cd when compared to the vehicle control. QYD obviously alleviated these Cd- induced enhancements in the levels of pro-inflammatory cytokines when compared to the Cd model group.
Effects of QYD on prostatic oxidative stress and inflammation
Effects of QYD on prostatic EMT
The prostatic levels of E-cadherin, vimentin, α-SMA and fibronectin are described in Fig. 4 . Cd resulted in much lower mRNA level of E-cadherin and higher levels of vimentin, α-SMA and fibronectin when compared to the vehicle control. These Cd-induced alterations in prostatic mRNA levels of E-cadherin, vimentin, α-SMA and fibronectin were significantly restored by 200 mg/kg/d QYD when compared to the Cd model group.
Effects of QYD on prostatic expressions of TGF-β1, TGF-βRI, Smad2, p-Smad2, Smad3, p-Smad3 and Smad7
The effects of QYD on modulating the prostatic expressions of TGF-β1, TGF-βRI, Smad2, p-Smad2, Smad3, p-Smad3 and Smad7 in rats injected with Cd are indicated in Fig. 5 . Cd Effects of QYD on prostatic expressions of Bcl-2, Bax, Nrf-2 and HO-1 Fig. 6 reveals the effects of QYD on regulating the prostatic expressions of Bcl-2, Bax, HO-1 and nuclear Nrf-2. Cd decreased the expression of Bcl-2 and increased the expression of Bax. As a result, the ratio of Bcl-2/Bax was significantly reduced when compared to the vehicle control. QYD significantly enhanced the prostatic expression of Bcl-2 and reduced the expression of Bax when compared to the Cd model control. Meanwhile, the expressions of HO-1 and nuclear Nrf-2 were inhibited by Cd injection when compared to the vehicle control. Treatment with 200 mg/kg/d QYD contributed to increased expressions of HO-1 and nuclear Nrf-2 when compared to the Cd model control.
Discussion
The impacts of environmental pollution on the reproductive system have attracted more and more attentions. Several studies report that Cd exposure produces harmful effects on prostate, testicle and sperm [6, 8, 13] . The orally LD 50 of CdCl 2 is suggested to be 90 mg/kg [14] . However, the effects of relative low dose Cd exposure on the proliferation and apoptosis of prostate cells are not consistent. A single dose of Cd exposure induces hyperplasia via exerting potent androgen and estrogen like activities on prostate [15] . Daily exposed to Cd for a long time stimulates prostatic inflammation and stromal fibrillar rearrangement, but does not promote the proliferation of prostatic cells [7] . Abdelrazek et al. found that Cd reduced the prostate weight via promoting cells apoptosis [14] . A possible hypothesis is that short-time Cd exposure induces the apoptosis of prostate cells, while chronic exposure to Cd may stimulate cells growth. The molecular mechanism was related to the ratio of Bcl-2/ Bax [16] . In the present study, we found that QYD attenuated Cd-induced over-production of pro-inflammatory cytokines and decreased the Bcl-2/Bax ratio. The exact mechanisms under the heavy metal stimulated disorders have not been fully elucidated. It is proposed that Cd-induced tissue toxicity is mainly caused by oxidative damage [17] [18] [19] . Under the normal physiological conditions, the damages induced by oxidative stress are prevented by the enzymatic (such as SOD, CAT and GPx) and non-enzymatic (including GSH and Zinc (Zn)) defense systems in vivo [13] . These antioxidant enzymes can not only remove the free radicals by biochemical reactions, but also enhance the synthesis and regeneration of GSH. GSH is the most abundant endogenous non-enzymatic antioxidant and has the function of cleaning H 2 O 2 into the harmless H 2 O [20] . On the one hand, Cd deactivates the antioxidant enzymes through binding to their sulfhydryl groups in the bioactive sites. On the other hand, Cd alters the levels of Zn via replacing Zn in tissues [13] . In human prostate, the local level of Zn is about 3-7 fold higher than that in the other organs. It has been well documented that Zn promotes the apoptosis of human prostate cancer and benign hyperplasia cells, but does not affects the normal prostate cells [21] . When the balance of oxidation-antioxidation is destroyed, the oxidative stress promoted tissue deficits emerge. MDA and NO are suggested to be the markers of Cd-induced oxidative stress [22] . MDA indicates the degree of cell membranes damages induced by organic lipid peroxidation [23] . NO is an essential transcellular messenger. NO can oxidize the sulfhydryl groups via associating with O 2- [24] . When the body suffers from toxic stimuli, several defensive mechanisms will be triggered concurrently in the early stage. However, death and malignancy seem be the ends of a continuum of cellular responses to Cd when the stress exceeds the body′s abilities of adaptation and survival [20] . Nrf-2 is a redox-modulated transcription factor and belongs to the Cap″n″ Collar family of basic leucine zipper proteins. As a self-preservation program, Nrf-2 plays a crucial role in the antioxidant defense mechanism against oxidative stress [24] . Kelch-like ECH associating protein-1 (keap-1) is a cytoplasmic Nrf-2 binding protein and is embedded in the cytoskeleton. Under normal conditions, Nrf-2 localizes in the cytoplasm and interacts with keap-1 to form the keap-1/Nrf-2 complex. This Nrf-2/keap-1 complex is dissociated when exposed to reactive oxygen species (ROS). Subsequently, Nrf-2 is dissociated, stabilized and translocated into the nucleus [20] . As a cell survival signaling, the activation of Nrf-2 will accelerate the production of endogenous antioxidant enzymes (including HO-1, CAT and SOD) via binding to the antioxidant response element in the promoter regions of these genes, and subsequently inducing their transcriptions [25] . Furthermore, HO-1 possessed both anti-inflammatory and anti-oxidative properties in response to oxidative stress [24] . And Nrf-2 can enhance the production of anti-apoptotic protein Bcl-2 [20] .
ROS are involved in EMT [26] . EMT is the process of epithelial cells transform to mesenchymal cells and characterized by diminished production of E-cadherin and overgeneration of fibronectin, α-SMA and vimentin [12, 27, 28] . EMT usually participates in wound healing and tissue regeneration. However, aberrant activation of EMT drives organ fibrosis and malignant transformation via causing epithelial cells to lose their polarity and contacts, producing mesenchymal cells and fibroblasts [26, 29] . Among the above EMT markers, E-cadherin belongs to epithelial genes and contributes to the cellular adhesion. Fibronectin can modulate the growth and migration of cells [27] . α-SMA is a contractile protein. It is necessary for the phenotypically modulated fibroblasts and for the generation of extracellular matrix (ECM) proteins [30] . Vimentin contributes to maintain the architecture of the cytoplasm. Aberrant vimentin expression during EMT is suggested to be an essential element for epithelial plasticity and malignant phenotype transformation of prostate cancer [31] .
EMT can be triggered by external stimuli via TGF-β1 signaling pathway [29] . TGF-β1 is a powerful pro-fibrogenic cytokine. It modulates the phenotype, proliferation and functions of fibroblasts, promotes the transdifferentiation of myofibroblasts, as well as induces the deposition of ECM [23, 25] . TGF-β superfamily elicit signaling through distinctly combining to their transmembrane receptors (TGF-βRI and II) [30] . Briefly, TGF-β1 binds to TGF-βRI and then directly stimulates the activation of Smad2 and Smad3 through phosphorylation [24] . The Smad7 serves as a negative regulator by binding to TGF-βRI and antagonizing TGF-β1 signaling [30] . TGF-β1 is (at least partly) modulated by inflammatory mediators and oxidative stress [11] . TGF-β1 also can increase the production of ROS, decrease the generation of GSH and suppress the activities of antioxidant enzymes [32, 33] . It is in agreement with the results of our study. Cd significantly enhanced the prostatic EMT, promoted the prostatic oxidative stress and inflammation, activated TGF-β1/Smad pathway, reduced Bcl-2/Bax ratio and inhibited Nrf-2/HO-1 signaling pathway. QYD administration at the dose of 200 mg/kg/d significantly ameliorated these Cd induced prostatic deficits.
In conclusion, the whole results indicated that QYD had protective effects against Cdinduced prostatic damages via modulating Nrf-2/HO-1 and TGF-β1/Smad signaling pathways. The present study added new insights for understanding the Cd-induced prostatic deficits and the possible mechanisms under the protective nature of QYD. Further investigation about the effects of QYD on the prostate chronic exposed to Cd for a long time will continue to be researched in the future.
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